Abstract Pesticide contamination in the environment is a contemporary global issue. As agricultural production through crop planting in Malaysia now supports both energy and food productions, the concentration and distribution of pesticides in surface water may have changed. Therefore, this study assesses the concentration and distribution of organophosphorus pesticides (quinalphos, diazinon and chlorpyrifos) contamination in the Langat River, Selangor. The Langat River Basin is one of the most populated river basins in Malaysia. As a result, it is surrounded by various environmental stresses of which agricultural activity is a dominant cause. An analytical method has been developed and optimised based on solid-phase extraction and high-performance liquid chromatography, coupled with a diode array detector (SPE-HPLC-DAD). This method allowed for the determination and quantification of selected organophosphorus pesticides. The optimised method displays a high mean recovery for both quinalphos and diazinon (100.21 and 100.15 %, respectively) but relatively low recovery for chlorpyrifos (32.40 %). The low recovery of chlorpyrifos is due to limitations in the determination of multi-residues in a single analytical run, optimisation of chromatographic conditions and the recovery of each compound. The method detection limit was found to be 0.003 lg/L for quinalphos and diazinon, and 0.006 lg/L for chlorpyrifos. Sample analyses revealed the occurrence of quinalphos, diazinon and chlorpyrifos in the Langat River with chlorpyrifos found to have the highest mean concentration of 0.0202 lg/L. The quinalphos and diazinon sample concentrations were 0.0178 lg/L and 0.0094 lg/L, respectively. The concentrations of organophosphorus pesticides in this monitoring study were found to be below the Maximum Contaminant Levels (MCLs) established under the European Union (Drinking Water) Regulation 2014. This study was the first to detect concentrations of quinalphos and diazinon in the Langat River, Selangor.
Introduction
Global climate change and biofuel production have been investigated as potential factors which lead to high application rates of pesticides in agricultural practices (Kattwinkel et al. 2011; EASAC 2012) . Agriculture can cause the intensive and sometimes inappropriate use of pesticides. As a result, the risk of contamination can be expected to be elevated where the application of pesticides increases. Pesticides which are intentionally designed and released into the environment to maintain high levels of crop production, can have fundamentally different environmental impacts compared to other chemical compounds. The dispersion of pesticides in the environment contributes to both environmental and health problems.
Organophosphorus pesticides (OPPs) which contain organophosphate compounds are mainly used as insecticides. These synthetic compounds became a popular alternative to organochlorine pesticides (OCPs) in the late 1990s after several persistent OCPs were banned. However, studies have shown OPPs act as acetylcholinesterase (AChE) inhibitors with high toxicity, carcinogenicity and neurotoxicity. They have also been shown to disrupt the regulation of acetylcholine; a neurotransmitter required for a well-functioning nervous system (Alavanja et al. 2004; Liu and Lin 2005; Gilden et al. 2010; Walker et al. 2012 ). The literature shows OPPs cause a wide range of human health risks. These include acute and chronic health impacts, and neurological and autoimmune disorders. OPPs were also identified as being toxic to vertebrates despite their relatively short half-life and rapid rate of degradation in the environment (Chambers et al. 2001 ). The identity, structure and physicochemical characteristics of OPPs are shown in Table 1 .
The exposure of water, soil, sediment and biota to OPPs occurs through pathways including leaching, surface runoff, atmospheric transport, deposition and spray drift. OPPs can degrade aquatic ecosystems and cause the loss of biodiversity of aquatic organisms. For instance, the bioaccumulation of OPPs can occur anywhere along the food chain, in a wide range of trophic levels. This includes humans at the top tier of the food chain. Barceló (1991) showed that there is a linear relationship between bioaccumulation factors and the logarithm of the octanol/water partition coefficient (log K ow ). Quinalphos (log K ow = 4.44), diazinon (log K ow = 3.81) and chlorpyrifos (log K ow = 4.70) tend to bioaccumulate in aquatic environments, contributing to biomagnification (Table 1) . Adsorption of pesticide residue and microbial degradation alter nutrient content and damage soil biota, which can disturb the biodiversity and natural biological control potential. When there is water infiltration and percolation, the pollutants can be transported to surrounding soil and eventually leach into groundwater via water movement. Consequently, the entry of OPPs into the water cycle could cause ecotoxicological effects and changes in nutrient balance.
OPPs are the most commonly used pesticides in developing countries because they are relatively cheap and effective compared to other classes of pesticides. Ippolito et al. (2015) have developed global insecticide runoff vulnerability and hazard maps. The maps identify Malaysia as highly vulnerable to insecticide runoff and associated runoff hazards. The origins, sources, exposure routes and effects of pesticides in the aquatic environment are summarised in Fig. 1 . Due to increasing development and population, land use in Langat River Basin is changing continuously and rapidly. A key element of this change is growth in the number of oil palm plantations.
Several studies have been conducted to assess pesticide residue contamination in the Langat River Basin. Lim et al. (2013) assessed inorganic pesticides in the basin and observed an arsenic concentration of 8.54 micrograms per litre (lg/L) and nitrate of 3.25 milligrams per litre (mg/L). It was suggested a relationship between these concentrations and their presence on agricultural land. The assessment of organic pesticides in this river basin was focussed on OCPs because they are more persistent than OPPs. In 2012, an elevated concentration of chlorpyrifos (5.06 lg/L) was recorded in the Langat River Basin, which was attributed to agricultural activities . Furthermore, moderate loading of chlorpyrifos in Langat River Basin was revealed by Zubir et al. (2014) .
A literature review has shown no studies exist so far on the occurrence of diazinon and quinalphos in surface water in the Langat River Basin. Therefore, this study to the best of the authors' knowledge is the first attempt to assess these types of OPPs in the basin. This study aims to develop a reliable method for the multi-residue analysis of OPPs in surface river water, employing SPE-HPLC-DAD in a single analytical run. The method is used to analyse surface river water collected in the Langat River Basin in order to evaluate OPPs contamination in the area. This study provides a summary of the analytical method in which performance characteristics, recovery and optimisation are described in detail. Therefore, this study is the first to provide data on the occurrence of these targeted compounds in the Langat River Basin and serves as an analytical method template for the determination of OPPs contamination elsewhere.
Experimental Method Site Description
The Langat River Basin occupies three distinct areas of the Putrajaya Federal Territory, the southern part of Selangor State and the northern part of Negeri Sembilan State. The basin catchment area is approximately 1815 square kilometres (km 2 ) and lies between latitudes 2°40 0 152 00 N-3°16 0 15 00 N and longitudes 101°19 0 10 00 E-102°1 0 10 00 E. The basin contains three topographical types: a lowland area, a hilly area and a mountainous area (DOA 1995; Lim et al. 2013; Aris et al. 2015) . Swamps also exist along the river. In general, the topography of the basin is flat in the west, and from hilly to mountainous in the east and the north. More than half of the catchment is categorised as 'steepland'. The basin has three major tributaries: the Langat River, the Semenyih River and the Labu River. The main river in the basin, the Langat River, is 141 kilometres (km) long. It flows from the high hills in the north towards the 
Field Sampling and Preservation
River water samples were collected from 16 sampling sites according to land use along the Langat River. The sites included both pesticide empacted and non-impacted stretches, starting from Pangsun and Salak Tinggi, downstream to near Kampung Kelanang and Telok Gong. Meanwhile, the sample from SP16 was used for recovery checking (quality control) as it was the site expected to be the least impacted by anthropogenic activities in the study area. A map consisting of all the sampling points is shown in Fig. 2 , and details of the sampling points are provided in Table 2 . Sampling was carried out on the 9th and 10th September 2015. River water samples were collected using both direct and indirect sampling methods, depending on the accessibility to the river water. Samples were collected directly by Fig. 1 Origins, sources, exposure routes and effects of pesticides in the aquatic environment (Nowel et al. 2010; Tankiewicz et al. 2010; USEPA 2015) inserting a pre-cleaned amber glass bottle into the stream. Where the river water level was low and the river was deep, indirect samples were taken using a purging pump. When using the purging pump, river water was drawn off to prevent interference from sediments. Surface water (0-20 cm) was collected and stored in pre-cleaned, 1-litre (L) amber glass bottle without any air spaces or bubbles.
All samples were transported in cool box at ±4 degrees Celsius (°C) back to the laboratory. Samples were extracted within 7 days and analysed within 40 days (Keith 1996) . In situ parameters such as pH, temperature, salinity, conductivity, dissolved oxygen (DO) and turbidity were measured at every sampling point using calibrated portable meters. Total organic carbon (TOC) was analysed using a TOC analyser (Shimadzu, Japan).
Chemicals, Glassware and Standards
Individual stock standards (0.25 grams (g) of each 1000 mg/L) of the OPPs (quinalphos, diazinon and chlorpyrifos) were supplied by Dr. Ehrenstofer (Germany). HPLC-grade acetonitrile (ACN) and methanol (MeOH) were purchased from Fischer Scientific (UK). Throughout the analysis, ultrapure water was acquired from a Milli-Q water purification system manufactured by Millipore (USA). A pear-shaped flask (100 millilitres (mL)) was obtained from Favorit (Malaysia). Working standards were prepared under exact weighting and dilution of stock standards. A mixed standard was then prepared in HLPCgrade ACN, containing 10.0 mg/L of each compound. The calibration solutions were 10.0, 5.0, 2.0, 1.0, 0.5 and 0.25 mg/L mixed standards. All standard solutions were freshly prepared in HLPC-grade ACN and stored in amber glass-stoppered volumetric flasks at ±4°C a few hours prior to analysis.
Preliminary Cleaning
All glassware materials was first washed thoroughly using the non-ionic detergent Decon 90. This was followed by tap water, deionised water and a MeOH rinse. Subsequently, glassware was oven dried at 65°C for 24 h and wrapped with aluminium foil which had been previously wiped with MeOH.
Extraction and Clean-up
On arriving at the laboratory, all samples were filtered using glass fibre pre-filters of 0.45 lm and 47 millimetres (mm) prior to solid-phase extraction (SPE). Filtered water samples (100 mL) were extracted using the SPE method. SPE was conducted in a vacuum manifold system procured from Phenomenex (USA). The SPE cartridges were Phenomenex Ò Strata-X 33u Polymeric Reversed Phase with size of 200 mg/6 mL. The cartridges were conditioned with MeOH (10 mL) followed by ultrapure water (5 mL) under gravity flow without letting the cartridges dry. The water sample (100 mL) was slowly loaded on the cartridge. The vacuum pump was then applied, and the flow rate was maintained at 5 millilitres per minute (mL/ min). After all the samples had gone through the cartridge, the cartridge was vacuum dried for 3 min. The cartridge was washed using 5 mL of acetonitrile-water (ACN:H 2 O) mixture (3:7, v/v). Thereafter, the cartridge was vacuum dried for 3 min and subsequently eluted with ACN (10 mL). The extracts were evaporated to dryness using a rotary evaporator operating at 35°C and further concentrated under nitrogen blowdown. Thereafter, they were redissolved by adding 1 mL of ACN for HPLC analysis. The reconstituted samples were filtered using PTFE syringe filters (0.45 lm, 4 mm) prior to HPLC analysis. Sample extracts were stored in the dark at ±4°C prior to quantification. The SPE method was modified and optimised according to Sanagi et al. (2011) . Method recoveries were accessed using tap water, spiked at 50 and 100 lg/L with the compounds under investigation, through the manipulation of different types and amounts of solvent in each step of the cartridge conditioning, washing and elution. Spiking was done on the upstream river water sample (SP16) and recovered under optimal conditions to validate the applicability of the developed method in the environmental water matrices. 
HPLC-DAD Analysis
Identification of peak concentrations was made by means of a chromatogram of a standard solution of each compound. Quinalphos, diazinon and chlorpyrifos were identified by respective retention time and peak area. Thereafter, a mixed standard was tested for the optimal chromatographic condition under the manipulation of mobile phases, wavelength, flowrate, elution, injection volume and column temperature. Multi-residue OPPs were identified and quantified by means of Agilent Series 1200 High-Performance Liquid Chromatography (HPLC), coupled with a diode array detector (DAD) (Agilent, USA). A Zorbax SB-C18 4.6 9 250 mm analytical column (Agilent, USA) was chosen with the developed and optimised chromatographic condition as shown in Table 3 . Compounds were identified by the respective retention time of the individual standard and quantified by an external standard calibration equation.
Quality Assurance and Quality Control
All analytical procedures were monitored under quality assurance and quality control measures. For every set of six samples, a spiked upstream river sample (SP16) with mixed standards was used to check for interference and eliminate cross-contamination. Each sample was analysed in duplicate. Method recovery was evaluated to determine the loss of analyte in the process of sample preparation, analyte extraction and enrichment, drying, reconstitution, and matrix interference. Several parameters, including accuracy, precision, recovery, linearity, limits of detection, stability and robustness were assessed for SPE-HPLC-DAD development and optimisation.
Statistical Analysis
Statistical analysis was carried out through the application of IBM SPSS 22. Linear regression analysis was conducted for the calibration curves. Furthermore, several data from environmental waters were analysed using an environmetrics approach for interpretation of complex environmental data. The linear relationship between physicochemical properties and the occurrence of OPPs was assessed using a Pearson product-moment correlation analysis. One-way analysis of variance (ANOVA) was conducted to assess the statistical significance of the difference between pesticide concentrations in surface water. Descriptive statistics including the mean, maximum, minimum, standard deviation and relative standard deviation were estimated. Finally, the occurrences and the distribution of OPPs in the Langat River are illustrated in the form of boxplot.
Results and Discussion

Development and Optimisation for Simultaneous Extraction, Determination and Quantification of Organophosphorus Pesticides
Mobile phases, with the composition of 40 % water (A) and 60 % ACN (B) were chosen, and different elutions were tested for both isocratic elution and gradient elution. Isocratic elution was determined to provide good separation of OPPs. Based on approaches identified in a literature review, different wavelengths of 210, 230, 244, 246 and 287 nanometres (nm) were applied and tested. By considering the highest signal intensities and symmetries, a wavelength of 210 nm was chosen as optimum for separation of OPPs multi-residues (Fig. 3) . Hence, a chromatographic condition (Table 3 ) was developed and optimised for the process of separation and multi-residue quantification. The identification of the peaks was made by means of a chromatogram of a standard solution of each residue. Quinalphos, diazinon and chlorpyrifos were identified by respective retention time. Chromatographic separation for quinalphos, diazinon and chlorpyrifos in a single analytical run of spiked (50 lg/L) river water is shown in Fig. 4 . Several optimisations were completed for each stage in the SPE, including varying the type of solvent and solvent volume for each step through cartridge conditioning, washing and elution. The results are summarised in Table 4 . The SPE method was first optimised at the conditioning stage, whereby MeOH and ACN were manipulated, following the same subsequent steps. Consequently, as a conditioning solvent, MeOH gave relatively high recovery for all the three compounds, quinalphos (81.70 %), diazinon (76.19 %) and chlorpyrifos (35.38 %). ACN recorded 58.06, 51.02 and 27.24 % for quinalphos, diazinon and chlorpyrifos, respectively.
By means of the same cartridge conditioning solvent at each subsequent step, cartridge washing was optimised to improve the method recovery. The same volume (5 mL) of each MilliQ water and ACN:H 2 O mixture (3:7, v/v) was tried for method optimisation purposes. MilliQ water as a washing solvent recorded higher recovery (39.12 %) for chlorpyrifos only compared to ACN:H 2 O mixture (3:7, v/v). By considering the overall recovery of each compound, the ACN:H 2 O mixture (3:7, v/v) was chosen due to its relatively high recovery. Different types of elution solvent were manipulated in the process of SPE method optimisation, including ACN and MeOH. ACN was chosen as the elution solvent for OPPs analysis because of the high recovery achieved.
The volume of elution solvent was also evaluated. At the first attempt, a lower elution volume (3 mL) was considered to elute the extracts, which skipped the rotary evaporation step and proceeded to extract concentrations through nitrogen blowdown only. A comparison of the recovery rates of the SPE method through elution volumes of 10 mL and 3 mL reveals that the higher elution volume of ACN recorded higher recovery. Thus, 10 mL elution volume of ACN was chosen as the optimal elution volume of the solvent.
Due to sorbent retention and relatively low elution volume, a large sample volume might suffer breakthrough problems instead of achieving maximum extraction, causing substantial loss of the sample pesticides. The finalised sample size (100 mL) was chosen to prevent overloading and clogging of cartridges, thereby providing robust results.
HPLC Method Validation
A mixed standard of OPPs was spiked into tap water and an upstream river sample (SP16) before SPE extraction, in order to validate the method recovery. The percentage of recovery (Table 5 ) was established by calculating the ratio of the concentration of analyte found in the spiked matrix to the concentration of analyte in the reference matrix as shown in Eq. (1). The relative standard deviation (RSD) was also calculated using Eq. (2).
Recovery % ð Þ ¼ Conc: of analyte in spike matrix Conc: of analyte in reference matrix Â 100 %
Compared with the method recovery rates reported by Sanagi et al. (2011) who achieved 59.34 and 57.59 % for quinalphos and diazinon, respectively, recovery rates of quinalphos and diazinon were highly optimised in this study. For these OPPs, recovery rates of 88.56 and 88.59 %, respectively, in water samples spiked with 100 lg/L were achieved in this study.
Both quinalphos and diazinon achieved relatively high mean method recovery rates in both tap water and river water at two different spiking concentrations (50 and 100 lg/L). Conversely, chlorpyrifos exhibited a relatively low method recovery rate in the range of 25.00-35.00 %. Without considering the selectivity of residues, it is challenging to optimise chromatographic condition and recovery of each residue when determining multi-residues in a single analytical run. Compared to other examples of multi-residue determination of recovery (Parrilla and Martinez Vidal 1997; Oliveira et al. 2014) , low recovery in some residues was observed. Therefore, there is limitation in the determination of recovery rate in a single analytical run, in the case of multi-residues. The solubility of compounds could be another factor. The solubility of chropyrifos was observed to be 1.4 mg/L which is relatively low compared to those of quinalphos and diazinon (22 and Peak area (mAU*s)
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Quinalphos Diazinon Chlorpyrifos Fig. 3 Peak areas of quinalphos, diazinon and chlorpyrifos at different wavelengths 40 mg/L, respectively) ( Table 1 ). The relatively low recovery of chlorpyrifos in river water compared to tap water was explained due to various matrices in environmental samples related to the pesticide residues' chemical compositions.
Inter-day reproducibility, which expresses variations within a laboratory, was assessed by comparing the results of a method run within a laboratory over a number of days. The precisions of both instrument and mixed standards were validated by HPLC quantification of the mixed standard in the range of calibration curve. This is expressed as the RSD as shown in Table 6 . The observed RSD was in the range of 2.00-17.18 %. A RSD less than 20.00 % is considered as acceptable indicator of reproducibility. Intra-day repeatability, which expresses the variation under the same working condition over a short time interval, was validated by running recovery tests. The spiking concentrations used were 50 and 100 lg/L mixed standard at two intervals in a day for three replicates. This variation is expressed as RSD in Table 5 . The precision of the method was calculated as the dispersion of sets of data using RSD as shown in Eq. (2).
A calibration curve for each residue was constructed at six different concentrations of a mixed standard: 10.0, 5.0, 2.0, 1.0, 0.5 and 0.25 mg/L. These curves showed strong positive and significant linearity for quinalphos, diazinon and chlorpyrifos (r values at 0.9999, 0.9998 and 0.9997, respectively). Initially, a calibration range of 0.1-10.0 mg/ L was used. However, the instrument detection limit (IDL) was observed at 0.25 mg/L. The calibration curves for OPPs are shown in Fig. 5 . Through spiking at a concentration of 20 lg/L in an upstream river water sample (SP16), with a signal-to-noise ratio (S/N) of 3:1, the method detection limit (MDL) was calculated as 0.003 lg/ L for quinalphos and diazinon. The MDL for chlorpyrifos was calculated as 0.006 lg/L. Table 6 Precisions (inter-day reproducibility) according to retention times and average peak areas of OPPs (n = 10) 
Compound
Occurrences and Distribution of Organophosphorus Pesticides in the Langat River
The occurrences and distribution of OPPs in the water samples collected along the Langat River are illustrated in Table 7 . All three OPPs, quinalphos, diazinon and chlorpyrifos, were found in the Langat River. While at some sampling points, contamination levels were detected below the MDL, at others quinalphos achieved 66.67 %, chlorpyrifos, 53.33 % and diazinon, 33.33 % of the MDL. The standard deviations (SDs) of quinalphos, diazinon and chlorpyrifos were calculated as 0.0181, 0.0145 and 0.0228, respectively. This indicates that the dispersion of OPPs contamination along the Langat River is very low. The occurrence of OPPs in the Langat River Basin is depicted in Fig. 6 , while the concentration distribution of each OPP at each station is illustrated in Fig. 7 . The relationship between physicochemical properties (pH, temperature, conductivity, salinity, turbidity, DO and TOC) and the concentration of OPPs in the surface waters of the Langat River Basin was described using a Pearson product-moment correlation coefficient (r). Only quinalphos achieved significant moderate correlation with DO (r = 0.583, p \ 0.05) and TOC (r = 0.563, p \ 0.05). The correlation between physicochemical properties and OPPs concentration is shown in Table 8 .
By assuming concentrations below the MDL as zero, the data show that chlorpyrifos is the most concentrated OPPs in the basin. The mean concentration of chlorpyrifos was found to be the highest, at 0.0202 lg/L, followed by those of quinalphos and diazinon, at 0.0178 and 0.0094 lg/L, respectively. However, there is no significant difference between the mean concentrations of each pesticide (p [ 0.05).
The results show that quinalphos and diazinon are present in the Langat River. The results also show that the mean concentrations of OPPs of this study are different from those of previous studies (Table 9) (Leong et al. 2007; Ismail et al. 2012; Osman et al. 2012; Mohammed and Penmethsa 2014) . In the study by Osman et al. (2012) , chlorpyrifos was observed at a relatively high mean concentration of 5.06 lg/L with a SD of 3.62. This indicates changes in the application of pesticides in the Langat River Basin. The observed variability of the mean concentration of pesticides in those studies could be influenced by season and sampling location, and usage of different pesticides. Furthermore, the high pesticide residue level in the study by Ismail et al. (2012) might be due to samples being taken from irrigation canals where there are more direct discharges, runoff, leaching and deposition of pesticides and less dilution. Variations in sample volume could also be another factor. For example, in comparison to a sample volume of 1 L used in previous studies, this study used a relatively low sample volume (100 mL) for sample extraction and enrichment (encountering the problem of cartridge clogging and breakthrough volume). The highest concentration of chlorpyrifos (0.0676 lg/L) was detected at SP15, a residential area with a crop plantation and illegal waste dumping (domestic waste, effluent waste from plantations and leachate). The highest concentrations of quinalphos and diazinon were 0.0135 and 0.0292 lg/L, respectively. In the study by Osman et al. (2012) , the moderate loading of chlorpyrifos was positively correlated to an agricultural area. Clearly, pesticides move offsite into surface waters through runoff, drainage or leachate (Armbrust 2001; Larson et al. 2010; Nowell et al. 2010; Tankiewicz et al. 2010; Kearns and Prior 2013) . Meanwhile, the occurrence of the three OPPs was observed at SP14 which is another residential area associated with illegal waste dumping and construction activities on the river bank. Thus, the occurrence of OPPs might have been positively correlated with the activities in the residential area.
All three OPPs were detected at SP6, an urban area that receives urban discharge, namely domestic wastewater and industrial effluents. Urban discharge and runoff were determined as the major source of contamination from SP6, attributed to the absence of a wastewater treatment system to regulate the discharge of organic pollutants (Tankiewicz et al. 2010) . Meanwhile, the nearby crop plantation was expected to be the source of OPPs, probably through runoff, drainage and spray drift. Spray drift includes wet or dry deposition through long range transport of pollutants (Tankiewicz et al. 2010; USEPA 2015) .
Quinalphos was the OPPs in the highest concentration (0.064 lg/L) at SP3, an urban area. Diazinon and chlorpyrifos also were detected at 0.0132 and 0.0442 lg/L at SP3. The occurrence of OPPs was due to urban discharge to the tributaries, thus draining domestic wastes, industrial wastes and oil palm plantation effluents to the river. The concentrations of OPPs were relatively low downstream; chlorpyrifos was sampled at 0.0204 lg/L, while the quinalphos and diazinon concentrations were below the MDL. This may have been due to dilution from increased streamflow, causing contaminants to be transported away (Avril and Barten 2007) . Another explanation could be the backflow of water due to tidal effects which can affect the streamflow. Similar observations were made at SP10. At SP10, a high water flowrate was observed, and OPPs concentrations were found to be below the MDL. Thus, streamflow should be considered as another parameter in pollutants assessment.
In summary, the Maximum Contaminant Levels (MCLs), established under European Union (Drinking Water) Regulations (2014) by the EU Council Directive, require that the MCL of the individual pesticides does not exceed 0.1 lg/L and that the MCL of the total sampled pesticides does not exceed 0.5 lg/L (Fig. 7) . Overall, the observed concentrations of OPPs in this assessment were below the MCLs.
Conclusion
This study assesses the occurrences of the commonly used OPPs (quinalphos, diazinon and chlorpyrifos) in the Langat River Basin. OPPs were found to be present in different concentrations and were distributed along the river due to variations in both point source and non-point source loadings. The detected concentrations of OPPs were found to be below MCLs established under European Union (Drinking Water) Regulations (2014). However, further studies are needed to identify the factors simultaneously affecting the concentrations of OPPs in Langat River Basin surface water to provide a better understanding of OPPs pollution in the aquatic environment. These studies require the sample volume to be manipulated for a better quantitative analysis of the distribution of OPPs and management of the clogging cartridge and breakthrough problem. The determination of multi-residues in a single analytical run has been observed to be challenging when using the SPE-HPLC-DAD method to optimise chromatographic condition and recovery of each residue. Due to lack of comprehensive quantitative analysis associated with the relatively low concentration and high contamination of matrices, the occurrence of pesticides in surface water may have been underestimated from several sources. Thus, alternative methods need to be introduced to better assess micropollutant contamination levels in the aquatic environment. The result and subsequent information obtained from the developed method should be of relevance to environmental water analyses. The new method could provide further notification and alerts for possible ecotoxicities and public health risks. Further knowledge about the origins, sources, fates and effects of these OPPs is essential to allow the presentation of a more accurate current official list and level of organic pollutants in Malaysian river water. Furthermore, such knowledge would assist in improved decision making, such as new mechanism for water treatment to assure water quality for daily consumption. The knowledge could also provide evidence to inform changes to the existing law in order to provide improved environmental protection from organic pollutants and reduce environmental pollution.
